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Modeling wind waves and 
morphodynamics near the Corte 

Madera salt marsh 
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2BA,!AP)A!AP%I!+B,I!*BA!-,>K,&A!)!-,)K%IA%&!V)A,-!K,(,K@!H;IA!AP,!,K,()A%B*!B>!AP,!V)(,!&-,IAI<!4;CA-)&A%*/!
AP,!-,+!K%*,!>-BN!AP,!CK;,!K%*,!/%(,I!AP,!I%/*%>%&)*A!V)(,!P,%/PA<!

U%/;-,!FO!IPBVI!`@!M@!c@!Q@!)*+!FE!>A!V)A,-!K,(,KI!0%*!-,+:!)I!V,KK!)I!AP,!&BNC%*,+!NB+,K7/,*,-)A,+!V)(,!
P,%/PAI!)*+!V)A,-!K,(,KI!0%*!CK;,:!>B-!AP,I,!I&,*)-%BI<!TP,I,!-;*I!,X&K;+,+!AP,!I,&B*+)-#!K,(,,I!)A!AP,!
%*A,->)&,!C,AV,,*!N)-IP!)*+!N;+>K)A<!TP,!V%*+!&);I,I!)!IN)KK!V)A,-!K,(,K!I,A;L!B*!AP,!N)-IP!0WO&N!
>B-!DE!NLP!V%*+!IL,,+I:<!TP,!N)HB-!V)(,!P,%/PA!+,&-,)I,!%I!)A!AP,!%*A,->)&,!B>!N;+>K)A!)*+!N)-IP@!

)KAPB;/P!I%/*%>%&)*A!)AA,*;)A%B*!A)',I!LK)&,!B(,-!AP,!
N)-IP!)I!V,KK<!!TP,!V)(,!P,%/PA!%*&-,)I,I!IK%/PAK#!>B-!
P%/P,-!V)A,-!K,(,KI!)A!AP,!I,)V)-+!CB;*+)-#!0V)(,!
P,%/PA!%I!AP,!+%>>,-,*&,!C,AV,,*!AP,!-,+!)*+!CK;,!
K%*,!%*!U%/;-,!FO:<!6*!AP,!I)KA!N)-IP!V)(,I!)-,!P)-+K#!
L-,I,*A!>B-!`>A!V)A,-!K,(,K@!C;A!)-,!)CB;A!F!>A!)A!AP,!
K)*+V)-+!,*+!B>!AP,!N)-IP!>B-!AP,!FE!>A!V)A,-!K,(,K<!
RB;CK%*/!AP,!V%*+!IL,,+!K,)+I!AB!IK%/PAK#!P%/P,-!
V)A,-!K,(,KI!0W`&N:!)*+!K)-/,-!V)(,I!)KB*/!AP,!
A-)*I,&A<!.)(,!P,%/PA!%*&-,)I,!%I!)CB;A!MEd!)A!AP,!
I,)V)-+!CB;*+)-#!)*+!)CB;A!DEd!)A!AP,!K)*+V)-+!
,*+!>B-!FE>A!V)A,-!K,(,KI<!

!"#$%&'(/'2"75:&'=&&.'B&#&+-+"*8'-+'+<&')*%+&',-.&%-';-:+'
3-%;<C'

!"#$%&'(E'Q%-8;&7+'0%&.':"8&1'9*%'9$%+<&%'-8-:4;";'



F`!
!

!

!"#$%&'(FC'Q<&'"36-7+'*9'=-+&%':&B&:;C'R&.':&B&:'&S7:$."8#':&B&&'0?:-751>'=-+&%':&B&:'0%&.1'-8.'=-+&%':&B&:'T'=-B&'<&"#<+'0?:$&1'
9*%';7&8-%"*;'*9'L>'M>'N>'O'-8.'(K'9+'UDVW'=-+&%':&B&:C'0-1'I"+<'&-;+&%:4'="8.'*9'O3X;'0Y'/K'36<1'-8.'0?1'="+<'&-;+&%:4'="8.'*9'
(N'3X;'0YFK'36<1C'

6*&,!AP,!0,X%IA%*/:!K,(,,I!)-,!%*&K;+,+@!AP,!V)(,!P,%/PA!+,&-,)I,I!&B*I%+,-)CK#!)A!AP,!K,(,,eI!KB&)A%B*!
)*+!>B-!)LL-BX%N)A,K#!GE!N!%*K)*+!0U%/;-,!FJ:<!TP,!K,(,,!N)#!I,,N!AB!CKB&'!V)A,-!>-BN!AP,!I,)I%+,!%*!
AP%I!>%/;-,@!C;A!)&A;)KK#!AP)A!V)A,-!,*A,-I!AP,!N)-IP!%*!AP,!DR!NB+,K!(%)!IN)KK!%*K,AI<!S,N)-')CK#@!VP,*!
AP,!V)A,-!K,(,K!%I!)A!Q!>A!2Z^R@!AP,!V)(,!P,%/PA!B(,-!AP,!K)*+V)-+!P)K>!B>!AP,!I)KA!N)-IP!0+%IA)*&,!E7MJ!
N:!P)-+K#!&P)*/,I!VP,*!AP,!K,(,,!%I!%*&K;+,+<!TP%I!I;//,IAI!AP)A@!)A!AP)A!KB&)A%B*@!AP,!V)(,!P,%/PA!%I!
P)-+K#!)!>;*&A%B*!B>!AP,!%*&BN%*/!V)(,!P,%/PA!)*+!K,(,,@!C;A!-)AP,-!AP)A!AP,!V)(,!%I!KB&)KK#!/,*,-)A,+!C#!
V%*+!B(,-!AP,!I)KA!N)-IP<!TP,!PB-%\B*A)K!CK;,!K%*,!B*!AP,!I)KA!N)-IP!I;//,IAI!AP)A!AP,-,!%I!)!KB&)K!
,a;%K%C-%;N!C,AV,,*!AP,!/)%*!B>!,*,-/#!>-BN!V%*+!)*+!,*,-/#!+%II%L)A%B*!+;,!AB!C,+!>-%&A%B*!)*+!
(,/,A)A%B*<!.)(,!P,%/PAI!%*&-,)I,!>B-!P%/P,-!V)A,-!K,(,KI!)*+!P%/P,-!V%*+!(,KB&%A%,I<!!

TP,!(,/,A)A%B*!&B(,-!B*!AP,!I)KA!N)-IP!P)I!)!I%/*%>%&)*A!,>>,&A!B*!AP,!V)(,!P,%/PA!)A!AP,!K)*+V)-+!I)KA!
N)-IP!,*+<!.%AP!)!V)A,-!K,(,K!B>!FE!>A!AP,!V)(,!P,%/PA!)KNBIA!+B;CK,I!B*&,!(,/,A)A%B*!%I!,X&K;+,+!
0U%/;-,!F`):@!)KAPB;/P!AP,!,>>,&A!%I!IN)KK,-!>B-!P%/P,-!V%*+!(,KB&%A%,I!0&BNL)-,!U%/;-,!F`)!)*+!C:<!

TP,!K,(,K!B>!AP,!N;+>K)A!%I!)*!%NLB-A)*A!L)-)N,A,-!>B-!AP,!KB&)K!V)(,!P,%/PA<!8A!N)#!,(,*!C,!)-/;,+!AP)A!
AP,!>;A;-,!>)A,!B>!AP,!5B-A,!$)+,-)!I)KA!N)-IP!%I!)!N)HB-!>;*&A%B*!B>!AP,!N;+>K)A!K,(,K<!$B-LPB+#*)N%&!
+,(,KBLN,*AI!B>!AP,!N;+>K)A!V%KK!+,L,*+!B*!AP,!I,+%N,*A!I;LLK#!>-BN!5B-A,!$)+,-)!5-,,'!0L-BC)CK#!AB!
)!K%N%A,+!,XA,*+!)I!V%KK!C,!)-/;,+!%*!K)A,-!I,&A%B*I:@!C;A!N)%*K#!>-BN!AP,!I,+%N,*A!I;LLK#!>-BN!AP,!2B-AP!
")#!)*+!R,KA)!+;-%*/!P%/P!-%(,-!>KBV!&B*+%A%B*I<!9,-,!V,!L-,I,*A!AP,!&)I,!AP)A!AP,!N;+>K)A!K,(,K!>BKKBVI!
AP,!-%I,!%*!V)A,-!K,(,K!0U%/;-,!FM:<!TP,!-,I;KA!%I!AP)A!V)(,!P,%/PAI!B*!AP,!N;+>K)A!V%KK!-,N)%*!AP,!I)N,!
>B-!+%>>,-,*A!V)A,-!K,(,KI!0)*+!N;+>K)A!K,(,KI:@!I%*&,!AP,!V)A,-!+,LAP!+B,I!*BA!&P)*/,@!%<,<!I;CA-)&A!AP,!
-,+!K%*,!>-BN!AP,!AP%&'!CK;,!K%*,!%*!U%/;-,!FM<!.P,*!N;+!>K)A!K,(,K!-%I,!%I!*BA!&B*I%+,-,+!0AP%*!CK;,!K%*,I:@!
V)(,!P,%/PAI!)-,!K)-/,-<!TP%I!,>>,&A!%I!NB-,!%NLB-A)*A!>B-!P%/P,-!V)A,-!K,(,KI!)*+!K)-/,-!V)(,I<!
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!"#$%&'(HC''Q<&'"36-7+'*9':&B&&'6%&;&87&C'R&.':&B&:'"87:$."8#':&B&&'0?:-751>'=-+&%':&B&:'0%&.1'-8.'=-+&%':&B&:'T'=-B&'<&"#<+'
0?:$&1'9*%';7&8-%"*;'*9'M'-8.'O'9+'UDVW'=-+&%':&B&:C'0-1'I"+<'&-;+&%:4'="8.'*9'O3X;'0Y'/K'36<1'-8.'0?1'="+<'&-;+&%:4'="8.'*9'
(N'3X;'0YFK'36<1C'Q<"75'?:$&':"8&'"87:$.&;':&B&&>'+<"8'?:$&':"8&'&S7:$.&;':&B&&C'

!

!"#$%&'(LC'Q<&'"36-7+'*9'B&#&+-+"*8'6%&;&87&C'R&.':&B&:'0?:-751>'=-+&%':&B&:'0%&.1'-8.'=-+&%':&B&:'T'=-B&'<&"#<+'0?:$&1'9*%'
;7&8-%"*'(K'9+'UDVW'=-+&%':&B&:C'0-1'I"+<'&-;+&%:4'="8.'*9'O3X;'0Y'/K'36<1'-8.'0?1'="+<'&-;+&%:4'="8.'*9'(N'3X;'0YFK'36<1C'
Q<"75'?:$&':"8&'&S7:$.&;'B&#&+-+"*8>'+<"8'?:$&':"8&'"87:$.&;'B&#&+-+"*8C'

9BV,(,-@!C,&);I,!AP,!K,(,,!&B*A-BKI!AP,!P,%/PA!B>!V)(,I!B*!AP,!N)-IP@!AP,-,!%I!*B!&P)*/,!%*!V)(,!
P,%/PA!B*!AP,!N)-IP!)I!)!>;*&A%B*!B>!AP,!N;+>K)A!,K,()A%B*<!!

Z*BAP,-!LBA,*A%)K!+,(,KBLN,*A!%I!AP)A!AP,!I)KA!N)-IP!K,(,K!%*&-,)I,I@!',,L%*/!L)&,!V%AP!AP,!%*&-,)I,!%*!
I,)!K,(,K!-%I,!C#!I,+%N,*A!)&&-,A%B*@!VP,-,)I!AP,!N;+>K)A!K,(,K!-,N)%*I!&B*IA)*A<!!U%/;-,!Fc!IPBVI!AP)A!
AP%I!K,)+I!AB!%*I%/*%>%&)*A!V)(,I!B*!AP,!N)-IP!)I!)!-,I;KA!B>!(,-#!IN)KK!V)A,-!+,LAPI<!
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!"#$%&'(M'Q<&'"36-7+'*9'3$.'9:-+':&B&:'"87%&-;&C'R&.':&B&:'"87:$."8#':&B&&'0?:-751>'=-+&%':&B&:'0%&.1'-8.'=-+&%':&B&:'T'=-B&'
<&"#<+'0?:$&1'9*%';7&8-%"*'M'-8.'O'9+'UDVW'=-+&%':&B&:C'0-1'I"+<'&-;+&%:4'="8.'*9'O3X;'0Y'/K'36<1'-8.'0?1'="+<'&-;+&%:4'="8.'
*9'(N'3X;'0YFK'36<1C'Q<"75'?:$&':"8&'"87:$.&'%";&'*9'3$.9:-+'?&.':&B&:>'+<"8'?:$&':"8&'&S7:$.&'+<";'&99&7+C'

!

!"#$%&'(N'Q<&'"36-7+'*9';-:+'3-%;<':&B&:'"87%&-;&C'R&.':&B&:'"87:$."8#':&B&&'0?:-751>'=-+&%':&B&:'0%&.1'-8.'=-+&%':&B&:'T'=-B&'
<&"#<+'0?:$&1'9*%';7&8-%"*'M'-8.'O'9+'UDVW'=-+&%':&B&:C'0-1'I"+<'&-;+&%:4'="8.'*9'O3X;'0Y'/K'36<1'-8.'0?1'="+<'&-;+&%:4'="8.'
*9'(N'3X;'0YFK'36<1C'Q<"75'?:$&':"8&'"87:$.&'%";&'*9';-:+'3-%;<':&B&:>'+<"8':"8&'&S7:$.&;'+<";'&99&7+C'
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2)8) 0#+:<#,4$1;/.!0#,&9/$=!
!

TP%I!I,&A%B*!-,LB-AI!AP,!-,I;KAI!B>!NB+,K!
-;*I!%*&K;+%*/!I,+%N,*A!A-)*ILB-A!)*+!C,+!
,K,()A%B*!&P)*/,!%*!AP,!5B-A,!$)+,-)!")#<!
TP,!-;*I!%*+%&)A,!VP,-,!I,+%N,*A!>-BN!
+%>>,-,*A!IB;-&,I!0AP,!5-,,'!B-!AP,!")#:!V%KK!
I,AAK,!%*!AP,!5B-A,!$)+,-)!")#!;*+,-!P%/PK#!
I&P,N)A%\,+!NB+,K!%*L;A<!TP,I,!
L-,K%N%*)-#!-;*I!V%KK!P,KL!AB!)++-,II!AP,!
LBII%C%K%A#!B>!>;KK@!NB-LPB+#*)N%&!-;*I!AP)A!
)-,!)CK,!AB!L-,+%&A!NB-LPB+#*)N%&!
+,(,KBLN,*A!B>!AP,!N;+!>K)A!)*+!N)-IP!
B(,-!+,&)+,I<!

2)8)(!0#,&9!'&%-:!
!

TP,!NB+,K!I,A;L!%I!IK%/PAK#!+%>>,-,*A!>-BN!AP,!V)(,!-;*I!+,I&-%C,+!%*!L-,(%B;I!I,&A%B*I<!TP,!/-%+!%I!
,XA,*+,+!AB!%*&K;+,!5B-A,!$)+,-)!5-,,'!0U%/;-,!Fc:<!T)CK,!F!+,I&-%C,I!AP,!IL,&%>%&)A%B*I<!TP,!
P#+-B+#*)N%&!>B-&%*/!V)I!C#!-%(,-!+%I&P)-/,!0FE!NGYI!V%AP!445!B>!GEE!N/YK@!VP%&P!%I!P%/P,-!AP)*!AP,!
5-,,'!VB;K+!>KBV!)*+!)!K)-/,-!I,+%N,*A!I;LLK#!AP)*!>B-!N;&P!B>!AP,!#,)-:!)A!AP,!5-,,'!)*+!A%+)K!V)A,-!
K,(,K!>B-&%*/!)KB*/!AP,!,)IA,-*!CB;*+)-#!0V%AP!445!B>!FEE!N/YK:<!!TP,!>BKKBV%*/!14?4!V,CI%A,!L-B(%+,I!
+,A)%K,+!%*>B-N)A%B*!B*!+%I&P)-/,!+%IA-%C;A%B*!%*!AP,!5-,,'b!
PAALbYYV)A,-+)A)<;I/I</B(Y&)Y*V%IY*V%IN)*YfI%A,g*BhFFO`EEEE<!!

.,!+,>%*,+!AP-,,!I,+%N,*A!I%\,!>-)&A%B*I!V%AP!,a;)K!&P)-)&A,-%IA%&I!AB!A-)&,!AP,!B-%/%*!B>!AP,!I,+%N,*AI!
0>-BN!AP,!5-,,'@!AP,!")#!)*+!>-BN!AP,!5B-A,!$)+,-)!$;+>K)A:<!ZKAPB;/P!IBN,!B>!AP,!I,+%N,*A!
&P)-)&A,-%IA%&I!V,-,!N,)I;-,+!+;-%*/!AP%I!L-BH,&A!0IP,)-!IA-,II@!,-BI%B*!>)&AB-:@!AP,%-!()K;,I!N)#!()-#!%*!
-,)K%A#!+,L,*+%*/!B*!AP,!KB&)A%B*!)*+!A%N%*/!0%<,<!+;,!AB!I,)IB*)KK#!>K;&A;)A%*/!C%B7N)II!)()%K)C%K%A#:<!U)KK!
(,KB&%A#!V)I!*BA!N,)I;-,+<!U)KK!(,KB&%A#!&B;K+!)KIB!*BA!,)I%K#!C,!+,-%(,+!>-BN!I,+%N,*A!L)-A%&K,!I%\,!%*!
AP,!C,+@!I%*&,!I;IL,*+,+!N;+!V)I!L-BC)CK#!A-)*ILB-A,+!)I!N;KA%LK,!L)-A%&K,!>KB&I<!TP,!NB+,K,+!()K;,!
V)I!>B-N,+!C#!,)-K%,-!NB+,K%*/!VB-'!B*!NB-LPB+#*)N%&!+,(,KBLN,*A!%*!4)*!_)CKB!")#@!VP%&P!%I!
)KNBIA!)+H)&,*A!AB!5B-A,!$)+,-)!0^)*!+,-!.,/,*!,A!)K<@!DEFF:<!.%*+!V)I!&B*IA)*A!/,*,-)A%*/!V)(,I!B>!
)CB;A!E<D7E<J!N!B*!AP,!N;+>K)A!+,L,*+%*/!B*!AP,!A%+)K!V)A,-!K,(,K<!^,/,A)A%B*!V)I!+,>%*,+!B*!AP,!I)KA!
N)-IP!)I!+,I&-%C,+!%*!AP,!L-,(%B;I!I,&A%B*I<!TP,!NB+,K!-;*!+;-)A%B*!V)I!F!NB*AP!0U%/;-,!FQ:<!6*,!BAP,-!
NB+,K!-;*!N%N%&',+!AP,!%NL)&A!B>!I,)!K,(,K!-%I,!C#!)++%*/!F!N!B*!ABL!B>!AP,!>B-&%*/!V)A,-!K,(,K<!TP,!
5-,,'!)*+!")#!I,+%N,*A!V)I!+,K%(,-,+!(%)!AP,!CB;*+)-%,I!AB!AP,!NB+,K!+BN)%*!+;-%*/!AP,!NB+,K!-;*<!
TP,!5$!I,+%N,*A!V)I!)()%K)CK,!,(,-#VP,-,!%*!AP,!+BN)%*<!4,+%N,*A!&B;K+!I,AAK,!)*+!,-B+,!+;-%*/!AP,!

!"#$%&'(O'Z%".'9*%'3*%6<*.48-3"7'%$8;'

http://waterdata.usgs.gov/ca/nwis/nwisman/?site_no=11460000
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-;*!)*#VP,-,!%*!AP,!NB+,K!+BN)%*<!3-BI%B*!)*+!I,+%N,*A)A%B*!N)/*%A;+,I!VP,-,!,*P)*&,+!C#!)!
NB-LPBKB/%&)K!>)&AB-!B>!FD!IB!AP)A!AP,!NB+,K!-;*!-,L-,I,*AI!F!#,)-!B>!NB-LPB+#*)N%&!+,(,KBLN,*A<!

Q-?:&'('@6&7"9"7-+"*8;'9*%'3*%6<*.48-3"7'%$8;'

9#+-B+#*)N%&!A%N,!>-)N,! =)*!DM7U,C!DM!
$B-LPBKB/%&)K!>)&AB-!! FD!
$B-LPB+#*)N%&!A%N,!>-)N,! 8!#,)-!
5-,,'!+%I&P)-/,! FE!NGYI!
T8+)K!&B*IA%A;,*AI!)LLK%,+!>B-!>B-&%*/! $D@!6F@!iF@!4D@!2D@!$O!
V%*+! FE!NYI!,)IA,-K#!V%*+!
4,+%N,*Ab!>)KK%*/!(,KB&%A#! E<DJ!NNYI!
4,+%N,*Ab!&-%A%&)K!IP,)-!IA-,II!>B-!,-BI%B*! E<GJ!2YND!

4,+%N,*Ab!,-BI%B*!>)&AB-! FE7O!'/YNDYI!
4,+%N,*Ab!+-#!C,+!+,*I%A#! FDEE!'/YNG!

!

2)8)2!0#,&9!+&'-9%'!
!

U%/;-,!DF!)*+!U%/;-,!DD!IPBV!AP,!F!NB*AP!NB-LPB+#*)N%&!+,(,KBLN,*AI!V%AP!)*+!V%APB;A!%NLBI%*/!
I,)!K,(,K!-%I,!04]S:@!-,IL,&A%(,K#<!TP,!NBIA!IA-%'%*/!BCI,-()A%B*!%I!AP,!N)HB-!I,+%N,*A)A%B*!%*!AP,!
+-,+/,+!)&&,II!&P)**,K<!4,&B*+K#@!4]S!K,)+I!AB!N;&P!NB-,!L-B*B;*&,+!,-BI%B*!)*+!I,+%N,*A)A%B*!
(BK;N,I!)*+!L)AA,-*I<!8*!/,*,-)K@!445!K,(,KI!)-,!K)-/,-!0;L!AB!AP-,,!A%N,I:!V%AP!4]S!0*BA!IPBV*:<!TP%I!%I!
)AA-%C;A,+!AB!AP,!K)-/,-!V)(,!P,%/PAI!0WGEd:!B*!AP,!N;+!>K)A!VP,*!4]S!%I!%NLBI,+<!TP,!IN)KK!V)A,-!
+,LAP!B*!AP,!N;+>K)A!%I!AP,!K%N%A%*/!>)&AB-!>B-!V)(,!/-BVAP<!])-/,-!+,LAPI!V%KK!AP;I!K,)+!AB!P%/P,-!
V)(,I<!"BAP!-;*I!V%AP!)*+!V%APB;A!4]S!IPBV!I%/*%>%&)*A!,-BI%B*!B*!AP,!,)IA,-*!N;+>K)A!0U%/;-,!DG:<!
ZII;N%*/!AP)A!AP,!N;+!>K)A!L-B>%K,!VB;K+!C,!%*!*,)-7,a;%K%C-%;N!&B*+%A%B*I!VP,*!-,L-,I,*A)A%(,@!
&;--,*A!>B-&%*/!&B*+%A%B*I!)-,!)LLK%,+@!V,!&B*&K;+,!AP)A!V,!B(,--)A,+!AP,!&P)-)&A,-%IA%&!V%*+!>%,K+!0)*+!
V)(,!&B*+%A%B*I:!)*+YB-!AP)A!AP,!N;+!&P)-)&A,-%IA%&I!*,,+!)+H;IAN,*A<!UB-!,X)NLK,@!N;+!>KB&I!V%AP!)!
P%/P!>)KK!(,KB&%A#!N)#!I,AAK,!B*!AP,!C,+!+;-%*/!&)KN!&B*+%A%B*I@!C;A!N)#!C,!-,7I;IL,*+,+!+;-%*/!V%*+#!
&B*+%A%B*I@!)KC,%A!V%AP!)!+%>>,-,*A!>)KK!(,KB&%A#<!8*&K;+%*/!4]S!K,)+I!AB!)!P%/P,-!C,+!K,(,K!B*!AP,!N;+!>K)A<!
TP%I!%I!-,N)-')CK,<!Z!LBII%CK,!,XLK)*)A%B*!%I!AP)A!4]S!)KKBVI!K)-/,-!V)(,I!%*!AP,!NB+,K!+BN)%*!C,&);I,!
AP,#!)-,!K,II!K%N%A,+!C#!+,LAP<!TP,!K)-/,-!V)(,7%*+;&,+!IP,)-!IA-,II,I!;*+,-!AP,!4]S!I&,*)-%B!*BA!B*K#!
%*&-,)I,!,-BI%B*!-)A,I!C;A!)KIB@!C,&);I,!,-BI%B*!L-B+;&,I!P%/P,-!I;IL,*+,+!&B*&,*A-)A%B*I@!%*&-,)I,+!
+,LBI%A%B*!-)A,I<!!

TP,!IB;AP!)*+!*B-AP!N)-IP!)-,)!A,*+!AB!,-B+,!0)L)-A!>-BN!IBN,!N%*B-!I,+%N,*A)A%B*!%*!AP,!I)KA!N)-IP!
&P)**,KI:@!VP,-,)I!AP,!&,*A-)K!$)-IP!)-,)!)&&-,A,I<!TP%I!-,N)-')CK,!+%>>,-,*&,!%I!)AA-%C;A,+!AB!AP,!>)&A!
AP)A!AP,!&,*A-)K!N)-IP!%I!)CB;A!F!N,A,-!P%/P,-!AP)*!AP,!*B-AP!)*+!IB;AP!N)-IP<!!.)(,I!&)*!,)I%K#!
L,*,A-)A,!)*+!+,(,KBL!B*!AP,!4B;AP!)*+!2B-AP!N)-IP!)-,)I@!AP;I!%*&-,)I%*/!KB&)K!IP,)-!IA-,II,I!)*+!
%*+;&%*/!,-BI%B*<!2BA,!AP)A!AP%I!%*&-,)I,+!I;I&,LA%C%K%A#!&)*!C,!,XL,&A,+!+;,!AB!I,)!K,(,K!-%I,@!VP%&P!
#%,K+I!AP,!I)N,!,>>,&A!)I!AP,!%*%A%)K!C,+!,K,()A%B*!C,%*/!KBV,-<!.)(,I!C-,)'!%*!>-B*A!B>!AP,!&,*A-)K!N)-IP!
)*+!%*&-,)I,!445!%*!>-B*A!B>!AP,!N)-IP!,*)CK%*/!P%/P!&B*&,*A-)A%B*!A%+)K!>KBVI!AB!A-)*ILB-A!AP,!
I;IL,*+,+!I,+%N,*A!ABV)-+I!AP,!&,*A-)K!N)-IP!)-,)!VP,-,!%A!+,LBI%AI<!!
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!
4,+%N,*A!>-BN!AP,!5-,,'!P)-+K#!-,)&P,I!AP,!N;+>K)A!0U%/;-,!DO0)@!C::<!TP,!NB+,K!-;*I!IPBV!AP)A!*,)-K#!
)KK!I,+%N,*A!+,LBI%AI!%*!AP,!)&&,II!&P)**,K!)*+!AP)A!0(,-#:!N%*B-!(BK;N,I!,*A,-!AP,!2B-AP!N)-IP!)-,)<!
")#!I,+%N,*A!+,LBI%AI!N)%*K#!*,)-!AP,!,)IA,-K#!CB;*+)-#!)KAPB;/P!IBN,!I,+%N,*A!-,)&P,I!AP,!N)-IP!)I!
V,KK!)*+!AP,-,!%I!NB-,!N)-IP7V)-+!%*A-;I%B*!B>!")#!I,+%N,*A!>B-!AP,!&)I,!B>!4]S!0U%/;-,!DO0&@!+::<!
4,+%N,*A!AP)A!%I!-,7I;IL,*+,+!>-BN!AP,!N;+>K)A!%I!AP,!N)%*!IB;-&,!B>!I,+%N,*A!C,%*/!A-)*ILB-A,+!
ABV)-+I!AP,!N)-IP<!

.,!P#LBAP,I%\,!AP)A!AP,!I,+%N,*A!B*!AP,!5B-A,!$)+,-)!N;+>K)A!N)%*K#!B-%/%*)A,+!>-BN!AP,!4)&-)N,*AB!
&)A&PN,*A!)I!AP,!-,I;KA!P#+-);K%&!N%*%*/!C,AV,,*!FcJ`!)*+!FccO<!TP%I!I,+%N,*A!%I!IA%KK!-,K,)I,+!C#!
/-)+;)K!,-BI%B*!B>!N%*%*/!+,LBI%AI!%*!AP,!R,KA)@!4;%I;*!")#!)*+!4)*!_)CKB!")#!j=)>>,!,A!)K<@!DEEMk<!TP,!
I,+%N,*A!AP)A!&;--,*AK#!,*A,-I!AP,!N)-IP!)-,)!B-%/%*)A,I!>-BN!AP,!N;+>K)A!)*+@!AB!)!(,-#!K%N%A,+!,XA,*A@!
)KIB!+%-,&AK#!>-BN!AP,!")#<!5-,,'!I,+%N,*A!P)-+K#!&B*A-%C;A,I!AB!N)-IP!+,LBI%A%B*!(BK;N,I<!0U;A;-,:!445!
K,(,KI!*,)-!AP,!N)-IP!0AP)A!)-,!%NLB-A)*A!>B-!N)-IP!)&&-,A%B*!-)A,I:!)-,!K)-/,K#!&B*A-BKK,+!C#!V%*+!V)(,!
&B*+%A%B*I!B*!AP,!N;+!>K)A!+%-,&AK#!%*!>-B*A!B>!AP,!N)-IP!)*+!*BA!C#!I,+%N,*AI!>-BN!AP,!5-,,'!B-!")#<!
")#!I,+%N,*A!I;LLK#!P)I!)!0(,-#!K%N%A,+:!%NL)&A!B*!AP,!I,+%N,*A!I;LLK#!AB!AP,!N;+>K)A!)*+!AP,-,>B-,!
K%AAK,!%NL)&A!B*!AP,!N;+>K)A!K,(,K!)*+!445!B(,-!AP,!N;+>K)A!B(,-!AP,!KB*/,-!A,-N<!!

!"#$%&'/K'I-+&%':&B&:'B-%"-+"*8;'.$%"8#'+<&'3*%6<*.48-3"7'%$8C'
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2)8)8)!>/'.-''/#$!
!

TP,!NB-LPB+#*)N%&!NB+,K!-,I;KAI!)-,!L-,K%N%*)-#<!TP,#!/%(,!%*I%/PA!%*AB!LBII%CK,!,-BI%B*!)*+!
I,+%N,*A)A%B*!N,&P)*%INI!C;A!AP,!0-B;/P:!I&P,N)A%\)A%B*!)KIB!L;AI!K%N%A)A%B*I!B*!AP,!)&&;-)&#!)*+!
()K%+%A#!B>!AP,!-,I;KAI<!8*!AP%I!I,&A%B*!V,!L-,I,*A!)!*;NC,-!B>!)IL,&AI!AP)A!L-B(%+,!AP,!C)I%I!>B-!>;A;-,@!
)+()*&,+!NB-LPB+#*)N%&!-;*I<!!

TP,!N;+>K)A!L-B>%K,!%I!)!N)HB-!>)&AB-!/B(,-*%*/!V)(,!P,%/PAI<!TP%I!L-B>%K,!%*!&BNC%*)A%B*!V%AP!445!)*+!
0>;A;-,:!I)KA!N)-IP!)&&-,A%B*!-)A,I@!V%KK!&B*A-BK!NB-LPBKB/%&)K!,(BK;A%B*!B>!AP,!N)-IP!)*+!%AI!)C%K%A#!AB!
C;>>,-!;LK)*+!>KBB+%*/<!4;&&,II>;K!NB-LPB+#*)N%&!NB+,K%*/!,>>B-AI!VB;K+!AP;I!-,a;%-,!)!NB+,K!AP)A!%I!
)CK,!AB!-,L-B+;&,!)!0*,)-:!,a;%K%C-%;N!L-B>%K,!AP)A!-,I,NCK,I!AP,!&;--,*A!L-B>%K,<!4,*I%A%(%A#!)*)K#I%I!%I!
-,a;%-,+!B*!AP,!I,+%N,*A!&P)-)&A,-%IA%&I!)I!V,KK!)I!B*!AP,!445!)A!AP,!I,)V)-+!CB;*+)-#!AB!-,L-B+;&,!)!
-,)K%IA%&!,a;%K%C-%;N!L-B>%K,<!!

8NLBI%*/!4]S!C#!I%NLK#!)++%*/!F!N!B>!,XA-)!V)A,-!+,LAP!%I!*BA!-,)K%IA%&<!4]S!K,(,KI!B>!AP%I!()K;,!N)#!C,!
-,)&P,+!V%AP%*!FEE!B-!DEE!#,)-I!>-BN!*BV@!B-!IBB*,-<!"#!AP)A!A%N,!AP,!N;+>K)A!)*+!N)-IP!VB;K+!P)(,!
)+H;IA,+!)K-,)+#!AB!/B(,-*%*/!&B*+%A%B*I<!$;&P!KB*/,-!0A%N,!&B*I;N%*/:!-;*I!AP)A!)KKBV!>B-!NB-,!
/-)+;)KK#!%NLBI%*/!4]S!VB;K+!)KKBV!)+H;IAN,*A!B>!AP,!NB-LPBKB/#!AB!&P)*/%*/!&B*+%A%B*I@!AP,-,C#!
L-B(%+%*/!NB-,!-,)K%IA%&!-,I;KAI<!9BV,(,-@!AP,I,!-;*I!!VB;K+!C,!K%N%A,+!%*!)&&;-)&#!C#!;*'*BV*!)*+!
;*&,-A)%*!445!CB;*+)-#!&B*+%A%B*I!)A!AP,!,)IA,-*!")#!I%+,<!!
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8) "#$.9-'/#$'!!
!

8A!%I!+%>>%&;KA!AB!)II,II!AP,!%NL)&A!B>!I,)!K,(,K!-%I,!B*!>;A;-,!&P)-)&A,-%IA%&!V)(,!&B*+%A%B*I!B*!AP,!5B-A,!
$)+,-)!I)KA!N)-IP<!TP,!N)%*!-,)IB*!%I!AP)A!%A!%I!+%>>%&;KA!AB!+,>%*,!,XA-,N,!&B*+%A%B*I!%*!AP,!)CI,*&,!B>!)!
>;KK!L-BC)C%K%IA%&!)*)K#I%I!B>!>;A;-,!&B*+%A%B*I<!U;-AP,-NB-,@!NB-LPB+#*)N%&!+,(,KBLN,*AI!B>!AP,!I)KA!
N)-IP!)*+!N;+>K)A!)-,!;*&,-A)%*!)*+!+,L,*+!B*!,XA,-*)K!>B-&%*/!I;&P!)I!I,+%N,*A!I;LLK#!>-BN!AP,!
V)A,-IP,+!)*+!2B-AP!")#<!8*IA,)+!V,!L-,I,*A!)!I,*I%A%(%A#!)*)K#I%I!AP)A!%*+%&)A,I!AP,!LBA,*A%)K!%NL)&A!B>!
',#!L)-)N,A,-I@!%<,<!V)A,-!K,(,K@!V%*+!(,KB&%A#@!(,/,A)A%B*!&B(,-@!AP,!L-,I,*&,!B>!K,(,,I@!N;+>K)A!
)&&-,A%B*!)*+!I)KA!N)-IP!)&&-,A%B*<!!!

8*!AP,!IP)KKBV!)-,)I!B>!5B-A,!$)+,-)!V,AK)*+!@!V)(,I!+%II%L)A,!AP,%-!,*,-/#!N)%*K#!C#!C,+!>-%&A%B*!)*+!
(,/,A)A%B*<!TP,!L-,I,*&,!B>!(,/,A)A%B*!P)I!)!I%/*%>%&)*A!%NL)&A!B*!V)(,!P,%/PAI!B*!AP,!I)KA!N)-IP<!!TP,!
V)(,!P,%/PA!B*!AP,!K)*+V)-+!I)KA!N)-IP!,*+!%I!+,A,-N%*,+!C#!KB&)K!&B*+%A%B*I!B>!V%*+@!V)A,-!+,LAP!)*+!
(,/,A)A%B*!&B(,-@!VP,-,)I!AP,!V)(,!P,%/PA!)A!AP,!N)-IPYN;+>K)A!%*A,->)&,!%I!B>!N%*B-!%NLB-A)*&,!AB!AP,!
V)(,!P,%/PA!)A!AP,!K)*+V)-+!,*+<!!

_-,K%N%*)-#!NB-LPB+#*)N%&!NB+,K!-;*I!IPBV!
,-BI%B*!)*+!I,+%N,*A)A%B*!L)AA,-*I!%*!VP%&P!
AP,!&,*A-)K!N)-IP!)-,)!)&&-,A,I!)*+!AP,!
IB;AP,-*!)*+!*B-AP,-*!)-,)I!,-B+,!C,&);I,!
AP,#!)-,!KBV,-!AP)*!AP,!&,*A-)K!N)-IP!)-,)<!
$)HB-!+,LBI%A%B*!B&&;-I!%*!AP,!)&&,II!&P)**,K<!
4,+%N,*AI!L-B(%+,+!C#!AP,!5-,,'!B-!AP,!")#!
P)(,!)!K%N%A,+!%NL)&A!B*!AP,!N;+!>K)A!)*+!I)KA!
N)-IP!+,(,KBLN,*A<!$B-LPB+#*)N%&I!)-,!
/B(,-*,+!K)-/,K#!C#!-,VB-'%*/!)*+!
-,+%IA-%C;A%B*!B>!I,+%N,*A!>-BN!AP,!5B-A,!
$)+,-)!N;+>K)A<!$6-,!-,K%)CK,!)*+!)&&;-)A,!
NB+,K!L-,+%&A%B*I!B>!N)-IP!)*+!N;+>K)A!
&P)*/,I!-,K)A,+!AB!4]S!)*+!V%*+!&B*+%A%B*I!
&)*!C,!BCA)%*,+!V%AP!)++%A%B*)K!I,*I%A%(%A#!)*)K#I%I!)*+!KB*/,-!-;*I<!

?&@&+&$.&'!
])&#@!=<S<@!)*+!9BB(,-@!R<=<@!0DEFF:@!.)(,!,XLBI;-,!B>!5B-A,!$)+,-)!$)-IP@!$)-%*!5B;*A#@!5)K%>B-*%)l)!
>%,K+!%*(,IA%/)A%B*b!14!?,BKB/%&)K!4;-(,#!6L,*7U%K,!S,LB-A!DEFF7FFcG@!Dc!L<!
j!""#$%%#&'()&(*()*+,%+-%./00%0012%k<!

^)*!+,-!.,/,*@!$<@!"<!3<!=)>>,@!)*+!=<!Z<!SB,K(%*'@!0DEFF:@!_-B&,II7C)I,+@!NB-LPB+#*)N%&!P%*+&)IA!B>!
+,&)+)K!+,LBI%A%B*!L)AA,-*I!%*!4)*!_)CKB!")#@!5)K%>B-*%)@!FcJ`mFccM@!=<!?,BLP#I<!S,I<@!FF`@!UEDEEc@!
+B%bFE<FEDQYDEEQ=UEEF`FO!

!"#$%&'/H'V"&='*9')*%+&',-.&%-';-:+'3-%;<\'%&+$%8"8#'<*3&CCC'
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